Abstract-Nowadays, circa 10% of 7-11 olds turn out to be poor comprehenders: they demonstrate text comprehension difficulties, related to inference making, despite proficiency in low-level cognitive skills like word reading. To improve the reading comprehension of these children, TERENCE, a technology enhanced learning project, aims at stimulating inference-making about stories. In order to design and develop the TERENCE system, we use a user centred design approach that requires an in depth study of the system's main end-users, namely, its learners and educators. This paper reports on the specification of the user classes for the TERENCE learners by means of user-centred design field studies, the resulting global system architecture, and an example use case of the system, with few related GUI's snapshots.
I. INTRODUCTION
Nowadays, more and more 7-11 olds turn out to be poor (text) comprehenders: they demonstrate difficulties in deep text comprehension, despite well developed low-level cognitive skills. TERENCE, part of an FP7 ICT TEL project, builds an adaptive learning system (ALS) [3] for improving the text comprehension of such children. The conceptual model of the TERENCE ALS is described in [1] , [2] . In particular, the domain model structures the material of the ALS, namely, stories and games for improving text comprehension. The user model structures the information concerning the end users of the system, that are: learners, that is, 7-11 old children; educators, namely, teachers and parents; experts, that is, the end users providing material for the system, and that work with the back-end of the system (e.g., psychologists, linguists).
To guide the design and development of the TERENCE ALS, we adopted the user centred design (UCD) [6] . In an UCD approach, potential users of the system are first classified under design according to the expected usage of the system: these are the user types, based on on the literature or documentation studies. Then types are refined into user classes, which are based on the analysis of the context of use and the user requirements.
The first goal of this paper is to briefly document the specification of learners' user classes resulting from the analysis of the context of use and user requirements analysis; in particular, Sect. II reports on the latest field study for such analysis, ending with personas.
The second major goal of this document is to show how user classes lead to the specification of the current architecture of the system, through personas and use cases. Sect. III explains and exemplifies the former, whereas Sect. Sect. IV does the latter. Sect. V concludes the paper and the on-going work resulting from this.
II. THE USER CLASSES BUILDING PROCESS
Hereby, we describe the specification of user classes for the learners' type of TERENCE. The data gathering hereby reported was done through a field study conducted in Italy in the middle of 2011, based on field studies run at the beginning of 2011, in turn based on brainstorming meetings, inquiries with experts and the study of documentation for the TERENCE project. More details concerning them are in [9] , [11] , [10] . Following UCD practices, see e.g., [7] and [8] , we conducted the TERENCE field studies with user-based criteria [10] . The experiment design of the latest field study, with the users participating in the experiment and their teaching, are reported in Subss. II-A. The experiment execution is in Subss. II-B. The classes resulting from the analysis are in Subss. II-C. One of the related personas is in Subss. II-D.
A. Experiment design and Users
Using conceptual maps, we designed specific user tasks for the study in order to analyse and refine the users' characteristics. For the reader's convenience, Tab. I, II, III, IV, and V present a detailed overview of these tasks and of the methods used to gather the data. The experiments involved 18 teachers and 282 learners (7-11 years old). Consider that 8 olds belong to Class 3. Tabs. VI and VII present the user involvement. Schools were informed about the field study through preliminary meetings of the planning stage. In particular, during the meeting with teachers, all teachers asked to administer the same test to all the children in the classroom, independently of their text comprehension skills, for ethical issues. Goals: To assess the learners' extracurricular activities. Materials: Stickers; sheets with pictures. Description: Each learner received a sheet with stickers representing activities (e.g., reading, going on the internet, drawing, using an iPhone, running, or going to the park), and a blank sheet with three empty circles representing morning, afternoon and evening. Learners had to paste the relevant stickers into the appropriate circles. Table III GAMES.
Goals:
In this task, learners were asked about their favourite consoles and game consoles. Materials: Stickers; sheets. Description: Learners received sheets with stickers representing game consoles (e.g., Wii, XBox) and a conceptual map. Learners were asked to put the sticker of their favourite console in the centre of the map, and to answer the questions on the map ( (1 
To gather information about the interaction between learners and their parents. Materials: Maps. Description: Learners received two sheets, one with a picture of "mom" in the middle, the other one with a picture of "dad". They were asked to list six (or less or more) activities they often do together with their mom or dad. Table V HOMEWORK.
To gather information about how learners make their homework. Materials: A cardboard with three containers; cards. Description: Learners received cards representing (1) mom, dad, teachers, friends etc. as the persons who the learners make their homework with, (2) kitchen, living room etc. as the places where learners make their homework, and (3) 1 hour, 2 hours, 3 hours etc., referring to the time that learners spend on their homework everyday. Learners were then asked to put the cards with their responses into the containers.
B. Experiment Execution
The field study sessions were conducted during May, 2011. We visited each school for 1 or 2 days, depending on the number of classes in the study, having in total 15 primary school classes with children of all ages. In each class, we spent about 90 minutes with learners, and each class teacher participated in a 20-minute interview. All tasks described in Sect. II-A were done with all the learners. We then collected all assignments and stored the interviews with teachers.
C. Result Analysis and User Classes
In order to specify user classes, we used personas [5] . In the following, for space limitation, we only describe the quantitative analysis of data for the learners. More details on the result analysis are in [4] . 1) Data Management: all data gathered using the assignments described in the experiment design section (Sect. II-A) is stored in a database for quantitative analysis. 2) Statistics: statistics of the quantitative data were calculated using χ 2 and F isher s analysis. Natural variables like gender and age were defined. Other dichotomy variables were derived from statistics observations. 1 3) Data Analysis: graphics describing the variables associations were depicted. Using these data, we derived a first classification that stems from orthogonal dimensions (e.g., North/Centre) and sorts learners according to opposite dimensions, or dichotomies. 4) User Classes: using tables, graphics and variables associations, we derived five different classes, obtained by excluding some others based on the behaviour of variables associations: a) deaf female; b) hearing female; c) 7-9 old hearing rural male from the North of Italy; d) 7-9 old hearing rural male from the Centre of Italy; e) 9-11 old hearing urban male from the Centre of Italy.
D. The TERENCE Personas
A persona per user class was created and allowed us to share the information concerning the analysis among all the members of the TERENCE heterogeneous consortium, and pass on the relevant information to the designers for the definition of the use cases of the ALS. Fig. 1 describes the persona for the deaf female class, as an example. All the other personas are structured in the same manner. 1 It is worth noting that only one deaf learner was found in the field study, and thus the results may not be reliable for this dimension. 
Personality
She is polite and quiet.
Role in classroom
She is active, careful, and diligent.
Role out of the class
She is nice, responsible and kind.
Console/Technology
She plays with the Nintendo WII and DS; she uses the computer to browse and chat with friends. She uses the technology alone.
Socio-Cultural Level of his/her own family
High.
School performance
She learns very easily. Differently than 2 years ago, her level of frustration is increased with age.
Environment
Time spent with family She does her homework with her parents, she spends her time with her mother and she draws and reads stories with her father.
Time spent with friends She meets her cousin every day to do homework or to play with her. She goes out with her friends after her homework.
Homework
She does her homework in the afternoon supported by parents.
Life style
Outdoors Activities She likes to see friends regularly, she likes to going out and plays with her dog, and she likes to do shopping with her grandmother.
Indoors Activities
She plays with Nintendo WII, and DS, She read, writes, and draws. She likes to play with her cousin.
Home activities
She read fairy tales with dad, she watch TV and she chat with her friends.
Sport activities
She loves walking and cycling with her mom. 
III. GLOBAL SYSTEM ARCHITECTURE
Starting from the results of the context of use analysis and requirements, we designed the conceptual model of the ALS, and hence the global system architecture, see Fig. 2 . The system is a Java web application, running on a web application server and accessed by users via standard web browsers. This choice of design was made to ensure that the system is accessible to the users at any time and from everywhere (at school and at home) and independent on the platform and operating system of the used device. The system provides three GUIs, one for each type of the system end users: learner GUI, educator GUI and expert GUI. In order to ensure a modular and extensible design of the system design, the different functionalities of the system are provided by different components, which are integrated in a service-oriented architecture.
On the data layer we have the storage components, for storing the data about the users and the learning resources. In particular, the system uses a user repository, a story repository and a game repository. Each of these repositories has a repository manager for managing communication between the repository and the rest of the system. Repositories are exposed as services and, therefore, provides an appropriate web service interface.
On the application layer we have the ALS. The ALS consists of several components. There are three data management components: 1) user manager for managing users' data including learners' profile; 2) story manager for managing the content and metadata of books and stories; 3) game manager for managing the content and metadata of games. The core adaptation functionalities of the ALS are encapsulated in the adaptive engine component such as providing access to the stories and providing access to the games. This includes automatic recommendation and adaptation of the provided resources to the specific class of learners and based on their interaction with the system. The adaptive engine is complemented with a set of other components. The visualisation component is responsible for managing the presentation of the materials (e.g. stories and games) as well as the different types of GUIs. The Natural Language Processing (NLP) component is used to analyse the text of the stories and annotate the key concepts such as characters, events, temporal relations etc. The reasoning component is responsible for reasoning about the stories using the annotations produced by the NLP component and providing classes of learners with useful feedback on their performance with the games.
IV. READING STORIES OR PLAYING GAMES WITH CARLA
Given the user classes presented in Sect. II and the architecture in Sect. III, the section aims at showing how concretely how Carla, personified as in Fig. 1 , reads the TERENCE stories and interacts with the stories' games by means of a key use case for her. To keep the presentation as simple and yet as general as possible, the following use case mainly describes features common to Carla and all the other TERENCE personas, even if the description mentions Carla and some of her specific requirements. 3 represents the different steps in this interaction process. At the beginning of a reading session, Carla either selects a previously opened book or browses the directory of available books. Since Carla prefers fairy tales, the system first shows fairy tale books. Carla selects one of the unread ones and a visual metaphor map of the selected book is displayed, see Fig. 4 . The map contains locations or objects that represent the stories of the book (for example, a castle or a forest). Each time Carla accesses the map, and depending on Carla's profile, the system decides the level of difficulty of the stories Carla should have access to, e.g., based on some adaptation rules or a pre-defined stimulation plan created by an educator. The ALS guides Carla by activating or deactivating the visual representations of the stories and the paths between them. Carla has then the possibility to select one of the activated stories and to start reading it. After reading the story, Carla plays the games associated to it. The sequence, type and difficulty level of the games is decided by the adaptive engine of the system and is based on Carla's profile as well as Carla's performance in the games. In particular, since her level of frustration is high, the most difficult text-comprehension games are often alternated by relaxing games, i.e., those that stimulate visuo-perception and she is best at. The performance of Carla also influences the assessment of Carla's reading comprehension, which leads to updating Carla's profile. In addition, and to help keep low Carla's level of frustration, Carla has a visual avatar that accompanies her during the learning process life. A good performance in the games of the story leads to upgrading the avatar in terms of gaining more attributes and accessories. In this paper, we described how the UCD-based context of use and requirements analyses allowed us to create user classes, personas, and hence use cases for the TERENCE ALS architecture. Currently, we are working on a finergrained analysis of the user requirements, to be reviewed through small-scale evaluations. The updated requirements will provide the input for the revision of the conceptual model of the TERENCE ALS, in particular, its user model, and hence the final implementation of the TERENCE software. Such evaluations, more in general, will serve to assess the usability of our ALS, and in particular: (1) the appeal and adequacy of its learning material, (2) the pedagogical effectiveness of our ALS in improving the text comprehension of 7-11 old poor comprehenders.
